The precise cause of acute renal failure in leptospirosis is not well understood. Bacterial toxin and renal anoxia secondary to haemodynamic changes are among the possibilities thought to account for renal failure (Arean, 1962) . Since there was a significant association between renal failure and jaundice in group 1, impaired renal function is evaluated in light of the hepatorenal syndrome. In this syndrome renal failure is attributed to renal haemodynamic changes secondary to liver failure. Though jaundice was intense in this group, liver-function tests showed only slight impairment in function. The striking contrast between the severity of clinical manifestations and the slight deviation of liver function in leptspirosis is well appreciated (Arean and Henry, 1964) . In the absence of liver failure the hepatorenal syndrome seems unlikely. Finally, the possibility of the toxic effect of bile on the kidney is raised. It is not known to what extent bilirubin plays a part in renal function. Recently it has been shown that intravenous injection of bilirubin in dogs results in a decrease in tubular reabsorption of sodium (Topuzlu and Stahl, 1966) . As some patients in the report of Stiles et al. (1946) and one in this report (Case 2) developed renal failure without jaundice, it would seem unlikely that impaired renal function is secondary to jaundice.
Because of a tendency towards bleeding during the acute period of illness renal biopsy was not attempted. In a series of renal biopsies performed late in the course of disease the pathological changes were suggestive of a mild degree of acute tubular necrosis and interstitial nephritis (Penna et al., 1963) . The results of renal function study in group 1 support the above pathological findings. The study by electronmicroscopy showed focal thickening of basement membrane, fusion of foot processes, loss of brush border, and mitochondrial depletion of renal tubules (DeBrito et al., 1965) .
Since dehydration very often cannot be clinically detected, intravenous fluid therapy may be dangerous when the cause of azotaemia is not known. From this study, for practical purposes, fluid administration in azotaemic patients with leptospirosis should be based on the serum creatinine and Uosm/ Posm. When the serum creatinine is above 2 mg./100 ml. and Uosm/Posm is close to 1 azotaemia is most likely due to acute tubular necrosis, and excessive fluid therapy should be avoided. Conversely, when the serum creatinine is below 2 mg./100 ml.
and Uosm/Posm approximates 2 dehydration should be su1-pected, and fluid load would be the treatment of choice.
Summary
Renal function was studied in 10 azotaemic patients with proved leptospirosis. In five patients azotaemia was ascribed to parenchymal renal failure of acute tubular necrosis. In this group the serum creatinine was higher than 2 mg./100 mi. and the osmotic urine and plasma ratio averaged 1.24, indicating a defect in renal concentration. In another group of five patients the renal function study suggested that volume deficit or dehydration might be the cause of azotaemia. The serum creatinine was lower than 2 mg./l00 ml. and the mean osmotic urine and plasma ratio was 2.35. In both groups there was a decrease in endogenous creatinine and para-aminohippurate clearances; the decrease was more pronounced in group 1. Because of the clinical inaccuracy in detecting dehydration the serum creatinine and the osmotic urine and plasma ratio may be used as a clue in ascertaining the cause of azotaemia, and thus provide useful information regarding the fluid therapy of azotaemic patients with leptospirosis.
Previous studies reported from this laboratory on the fibrinolytic response to a short period of moderate exercise in a group of normal young subjects showed a small subgroup whose response to this procedure was poor (Cash, 1966) . A similar pattern was also demonstrated when intravenous adrenaline was used as a fibrinolytic stimulant, so that a poor responder to moderate exercise was also a poor responder to intravenous adrenaline (Cash and Allan, 1967) . These results led us to conclude that one interpretation of this phenomenon could be a fundamental defect in the mechanisms related to the release of plasminogen activator in an acute stressful situation, and that the subgroup which displayed this anomaly might be at risk to conditions such as atherosclerosis, thrombosis, and irreversible shock in which defective fibrinolysis has been postulated to be an important aetiological factor (Astrup, 1956; Hardaway, 1966 
Materials and Methods
Exercise Procedure.-So far as possible the experimental conditions for this study were identical to those for the young subjects. All experiments were performed during the morning in a procedure room at 19-20°C., and subjects were requested to refrain from smoking and excessive exercise on the morning of the experiment. Before the exercise procedure the subject rested for 30 minutes, lying down, and the pre-exercise cubital venous blood sample was then withdrawn. The exercise consisted of walking for eight minutes on a treadmill which was moving at a speed of 3.4 m.p.h. at an angle of 50 elevation. The post-exercise cubital venous sample was withdrawn immediately the treadmill had stopped. All subjects were studied on more than one occasion with a time interval of at least a week between separate exercise procedures.
Fibrinolytic Assay.-The techniques for blood withdrawal, centrifugation, and assay of circulating plasminogen activator by the euglobulin lysis time were as previously described (Cash, 1966) , with the exception that the end-points for clot lysis were recorded on an automatic clot lysis recorder (Cash and Leask, 1967) . No statistical difference was demonstrated between euglobulin lysis times when end-points were recorded visually and by the automatic clot lysis recorder (Cash, 1967 The mean percentage fibrinolytic response was 46.9 ± 13.5. There was a significant variation between some individuals (analysis of variance showed F = 28.4, which was significant at the 1% level), and it was possible to isolate a group of middleaged subjects whose response was consistently poor (less than 20%). There was a significantly higher response in the female subjects compared with the male (t=2.4822; 0.01<P<0.02). Table II shows the frequency distribution of the percentage fibrinolytic response in the original young population (Cash, 1966) and the middle-aged subjects described in this paper. This subject was not included in Table I .
The original mean percentage fibrinolytic response to the exercise was 43.2+16.9 and 12 months later was 45.1±16.7. There was no significant difference between these values (t= 0.3370; 0.8<P<O.9) and there was a good individual correlation (r=0.8504; P<0.001).
Discussion
Resting Levels of Euglobulin Lysis Time By using the results of the earlier studies on 50 young subjects aged 18-30 years (Cash, 1966) it was possible to make certain comparisons with the present findings in the middleaged population. The difference between the mean resting euglobulin lysis times of the young (183 ± 103 min.) and middleaged (213 ± 193 min.) subjects was not significant (t=0.9793; 0.3<P<0.4). Previous studies on the effect of age and fibrinolysis are sparse and contradictory. Buckell and Elliott (1959) and Swan (1963) reported a diminished level with increasing age, whereas Hume (1961) observed an increase. However, our finding is in agreement with those of Sawyer et a. (1960) , Fearnley et al. (1963) , Moser and Hajjar (1966), and Mann (1967) .
The absence of a sex difference in the middle-aged subjects is in contrast to the findings in the young subjects, in whom the females had a significantly lower euglobulin lysis time than the males (t=2.2261; 0.02<P<O.05). This observation in the middle-aged subjects was not influenced when the postmenopausal women were excluded from the statistical analysis nor was there a satisfactorily significant difference between the pre-and post-menopausal women (t=1.8315; 0.05<P<0.1).
There is fragmentary evidence to indicate that cigarette smoking may depress fibrinolysis (Gibelli et al., 1964; Sogani and Joshi, 1965) . A review of the histories of the young and middle-aged subjects showed a striking difference in the cigarette-smoking habits between the sexes in the two age groups. Of the 50 young subjects reported in the previous paper, 7/25 male and 1/25 female subjects (Ml, M8, M11, M12, M13, M18, M20, and F13) smoked more than 10 cigarettes per day, whereas in the middle-aged group the cigarette smokers were equally divided between the sexes (9/25 male and 9/25 female). If the non-smoking young subjects were compared then there was no difference between the sexes BRMM MaDICAL JOURNAL (t= 1.3093; 0.1<P<0.2) . Furthermore, the middle-agedcigarette-smoking group had a significantly prolonged mean resting euglobulin lysis time compared with the non-smokers (t=2.4713; 0.01<P<0.02), and when the total population of smokers, both young and middle-aged, were compared with the total non-smoking population this same phenomenon was demonstrable (t=4.5917; P<0.001). Though the number of subjects was small, these results emphasize the fact that cigarette smoking may prove to have a deleterious effect on the resting level of circulating plasminogen activator as measured by the euglobulin lysis time. This subject is worthy of more extensive investigation.
Fibrinolytic Response to Exercise
The results of the exercise fibrinolytic response studies in the middle-aged subjects showed certain similarities to those obtained in the young: there was satisfactory individual reproducibility, a significant variation between individuals, and the isolation of a group of poor responders. There also appeared to be a higher response in the females than in the males (t= 2.4822; 0.01<P<0.02), but this was less significant than the sex difference found in the young subjects (t=3.2076; 0.001< P<0.005). Although there was no significant difference in fibrinolytic response between the pre-and post-menopausal women (t=0.1293; 0.8<P<0.9) it is of interest to note that one of the middle-aged poor responders was a post-menopausal woman-no poor responders were demonstrated in the young female group. It is possible that the marked sex difference in fibrinolytic response to exercise seen in the young subjects may diminish later in life, but no firm conclusions are yet possible.
Cigarette smoking appeared to have no influence on the fibrinolytic response to exercise.
From other sources evidence is available which shows that with increasing age there is a concomitant increase in energy expenditure for any fixed submaximal exercise procedure (Becklake et al., 1965; Hanson et al., 1966) , and that this phenomenon is not associated with a higher pulse rate response in the older subjects (Astrand, 1958; Strandell, 1964) . It has also been shown that the fibrinolytic response increases with increased severity of the exercise (Cash, 1967; Menon et al., 1967 during the preparation of the 12-month follow-up programme we observed defirite ischaemic changes in the post-exercise electrocardiogram in one of our poor responders-changes which were not present 12 months before. However, one of our original good responders (68%) died after a posterior myocardial infarction in the 12-month interval. Necropsy showed widespread coronary artery atheroma, and on microscopical examination of the thrombus in the right coronary artery it was found that this was probably secondary to haemorrhage into an atheromatous plaque.
Summary
The resting levels of circulating plasminogen activator, as measured by the euglobulin lysis time, and changes following a standard exercise procedure were studied in 25 male and 25 female healthy middle-aged subjects. There was a significantly higher level in the female group. Comparison with previous results obtained from 50 young healthy subjects aged 18-30 years showed no statistically significant difference between the two age groups. There was evidence to indicate that cigarette smoking may have a deleterious effect on the resting level of circulating plasminogen activator.
The phenomenon of the poor fibrinolytic responder to exercise, previously described in the young subjects, was also shown in the middle-aged population. The middle-aged females had a significantly higher response than the middle-aged males, but there was no significant difference between the total young and middle-aged populations. Cigarette smoking had no influence on the fibrinolytic response to exercise.
A 12-month follow-up study on 18 middle-aged subjects confirmed the phenomenon of a poor fibrinolytic response to exercise.
